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Integrated  High  Payoff  Rocket  Propulsion 
Technology  Program  (IHPRPT)  GOALS 
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Tactical  Propulsion 

•  Improve  Delivered  Energy  3%  7%  15% 

•  Improve  Mass  Fraction  (Without  TVC/Throttling)  2%  5%  10% 

•  Improve  Mass  Fraction  (With  TVC/Throttling)  10%  20%  30% 


Required  Injector  Characteristics 

Complete  combustion  in  the  •  Minimize  pressure  drop 
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amber/wall  compatibility 
Heat  transfer/cooling 
Oxygen  blanching 


f  Facilities  currently  supporting 

basic  research  Single  element 


f  Single  element  cold  flow 
pressure  facility 
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travel  inside  chamber. 

Ability  to  simulate  manifold  cross  velocities  to 

30  ft/s  (9.1  m/s). 

27  tube  traversable  mechanical  patternator 
Phase  Doppler,  Malvern,  other  diagnostics 


Subscale  hot  fire  facility 
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Installing  in  1999 

2000  psi  liquid  hydrocarbon  capability 


Supercritical  pressure  facility 
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Mass  flow  meters  up  to  10,000  SLPM 


Dense  Spray  Diagnostics 
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Radial  Position  (mm) 


Effect  of  Crossflow  on  Orifice 
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D=1.19  mm,  L/D=10,  P,=.69  MPa 


TWO  SHEET  CORRECTION  FOR  LASER  FXTINOTION 


High  Pressure  and  Supercritical  Combustion 
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PRESSURE  VESSEL  /  DROPLET  GENERATOR  INTERFACE 


LIQUID  NITROGEN 
HEAT  EXCHANGER 


/-  COLD  GAS  IN 
/  (HELIUM  77K) 
2  PLACES 

POROUS  DISK 
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DROPLET  GENERATOR 


I _ 

LIQUID  NITROGEN 

COLD  HELIUM 

WARM  CHAMBER  GAS  ‘ 
CHAMBER  GAS  /  COLD 


density  [kg/m 


Oxygen  Density  at  69  atm 


T  [K] 
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Conceptual  Representation 
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Supercritical  Combustion 
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Supercritical  Oxygen  Drip  through  He  into  N2  @  1100  psig 


Transcritical  Injection  of  Liquid  Oxygen  Droplets 


Ambient:  N2  @  970  psig,290K. 
02  Injector  Temperature:  177K. 

Drops  formed  in  chilled  helium, 
nitrogen  flowing  across  stream. 

Sequence  corresponds  to 
increasing  distance  downstream. 


Transcritical  Oxygen  Drops  in  N2  @  970  psig 


Oxygen  Droplets  Formed  in  He  and  Falling  into  N2 

@  1000  psig,  280K 


Oxygen  Droplet  Condensation 
in  Helium  ©  1000  psig,  280K 
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PRESSURE  DEPENDENT  MIXING 
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Subcritical  Supercritical  Supercritical 

Droplets  Ligaments  Gas  layers 
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Sub-  and  Super-critical  Mixing  Layer  Physics 
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Characteristic  Times 
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Comparison  of  the  proposed  “intuitive/smart” 
equation  with  the  N2-into-He  experimental  data 
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Instant  images  of  Sub-  and  Supercritical  impinging  jets 
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Basic  Research  Opportunities 
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Revolutionary  cycles 

•  Pulsed  detonation  propulsion 

•  Combined  cycle 
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